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In 1994, we reported 2 an index for classifying subclinical cardiovascular disease (CVD) in older individuals in the CHS that combined the subclinical measurements. The measurements included anklebrachial blood pressure (BP), carotid artery stenosis and wall thickness, abnormalities in electrocardiographic and echocardiographic findings, and positive responses to the Rose angina and claudication questionnaire from participants without clinical evidence of angina or claudication. This index of subclinical vascular disease, based on measurements of several vascular beds, was a better predictor of the risk of developing short-term clinical CVD than the measurements of either traditional risk factors or of subclinical vascular abnormalities in a single vascular bed. [2] [3] [4] In cross-sectional analyses, the prevalence of subclinical disease increased dramatically with age and was generally higher in men than in women. At baseline examination in [1989] [1990] , 1612 (31%) of 5201 CHS participants had clinical CVD, 1935 (37.2%) had subclinical CVD, and 1644 (31.6%) had neither subclinical nor clinical CVD. The prevalence of subclinical disease compared with the absence of subclinical disease was related to traditional risk factors for CVD, including lipoprotein levels, glucose-insulin levels, inflammatory markers, body mass index (calculated as weight in kilograms divided by the square of height in meters), and systolic and diastolic BP in both men and women. 2 In this study, we followed the CHS cohort through June 2001 to test whether (1) subclinical disease continues to predict clinical events over a period of 10 years, (2) the classification of subclinical disease changed between the original examination in 1989-1990 and the second evaluation in 1992-1993, (3) the prediction of CVD is enhanced by measuring subclinical disease at more than 1 point in time, (4) subclinical disease is an independent predictor after inclusion of other risk factors and inflammatory markers, and (5) racial differences exist in the association of subclinical disease to CVD events.
Finally, we determined whether the use of subclinical measurements alone or in combination with the presence of diabetes mellitus and hypertension or Creactive protein (CRP) can help to identify populations of older individuals who are at very high risk for CHD and who may be candidates for aggressive pharmacological therapies to reduce that risk.
METHODS
The CHS is a population-based study of risk factors for CVD in older adults sponsored by the National Heart, Lung, and Blood Institute (Bethesda, Md). 5 The original cohort of 5201 participants was enrolled in [1989] [1990] , and a second cohort of 687 predominantly black participants was enrolled in 1992-1993. Of the combined cohort of 5888 individuals, 57.6% were women and 15.7% were black. The average age at enrollment was 72.8±5.6 years. Baseline examination included a detailed medical history, list of current medications, blood studies, BP, electrocardiogram, ultrasonography of the carotid arteries, and an echocardiogram in 1989-1990. [6] [7] [8] A composite measurement of subclinical CVD was defined as having any 1 of the following: (1) major abnormalities in electrocardiographic findings based on the Minnesota Code, (2) an ankle-arm-systolic BP ratio of 0.9 or less, (3) a percentage of stenosis of the internal carotid artery (based on ultrasonographic findings) of more than 25% or intimal medial thickness of the internal or common carotid artery higher than the 80th percentile of the CHS distribution, (4) abnormalities in echocardiographic findings, (5) abnormality in wall motion, (6) low ejection fraction, or (7) positive findings for Rose angina or claudication without clinical history of angina or claudication.
2 (The definition of clinical disease has been published.
)
Participants were queried twice per year for new diagnoses, hospitalizations, and medical procedures. Individuals were examined annually in the clinic through 1998-1999. After 1998-1999, only telephone follow-up was continued. To enhance the complete ascertainment of events, Health Care Finance Administration records were also obtained for unreported hospitalizations. All clinical CVD events in the study were reviewed by an adjudication committee. Adjudicated events occurring through June 30, 2001, were available, which allowed for a maximum of 12 years of follow-up in the original cohort and 9 years in the cohort added in 1992-1993. The echocardiogram was not repeated at the time of the second evaluation of subclinical disease in 1992-1993 and, therefore, was not available for most of the black cohort. 9 We have excluded the echocardiographic findings from the subclinical disease criteria at both the first (1989) (1990) ) and second (1992-1993) examination for consistency in this article. The exclusion of the echocardiographic findings from the criteria of subclinical disease has very little effect on the estimate of subclinical disease prevalence. 2 Incidence rates of CVD events by subclinical disease status were calculated by dividing the number of events by the total person-years at risk. Hazard ratios (HRs) of the relative risk of events associated with the presence of subclinical disease at baseline were estimated from Cox proportional hazards models. To determine whether associations of subclinical disease with cardiovascular events remained after adjustment for traditional risk factors for CVD, multivariable Cox models (separately for men and women) were developed for total mortality, CHD, myocardial infarction (MI), and stroke. All models were adjusted for age and race. Other risk factors were evaluated for significance in 2 stages and retained in the model if significant at PϽ.05. The first-stage risk factors included overweight, history of smoking, diabetes mellitus status, systolic blood pressure, and use of antihypertension medications. The second stage included renal insufficiency, defined as creatinine levels higher than1.3 mg/dL (99.1 µmol/L) in women and higher than 1.5 mg/dL (114.7 µmol/L) in men; and high levels of high-density lipoprotein cholesterol and low-density lipoprotein cholesterol, triglyceride, CRP, and fibrinogen; and high white blood cell count. All risk factors were measured at the baseline examination. Interactions between subclinical disease and each risk factor were tested and included in the model if significant. Participants with clinical disease at baseline were excluded from the analyses. Participants who died or were lost to follow-up were censored at the time of death or date of last information.
Participants from the original cohort who did not have CVD at baseline and who had measures of subclinical disease at baseline and 3 years later were assigned to 1 of 4 groups based on their subclinical disease status at each time point. Incidence rates of events occurring after the third follow-up visit were calculated separately for women and men who did not have clinical CVD at the 1992-1993 follow-up visit. In models combining men and women, Cox proportional hazards models were used to check for interactions between disease status and sex for each outcome, after adjustment for age and race. All analyses were performed using statistical software by SPSS (version 13; SPSS Inc, Chicago, Ill) or Stata (version 8; Stata Corp, College Station, Tex).
RESULTS
Of the 5888 CHS participants, 109 (1.9%) without clinical CVD were missing 1 or more components of subclinical disease status and could not be classified. Of the remaining 5779 participants,1499(26.0%)hadnosubclinicalorclinicalCVD at baseline, 2454 (42.5%) had subclinical disease, and 1826 (31.6%) had clinical disease ( Table 1 [20.8%] ). Among the participants without clinical CVD at baseline, 62% had subclinical disease.
The incidence rates of CHD, MI, angina, death by CHD, stroke, and total mortality are shown in Table 1 by the presence or absence of subclinical disease. The HRs were substantially elevated for participants with subclinical disease compared with those with no subclinical disease in all race and sex groups. Incidence rates were higher for men than women with or without subclinical disease. Of the observed differences in HRs of subclinical disease between black and white individuals or between men and women (Table 1) , only 1 was marginally statistically significant: P =.046 for a difference in association of subclinical disease to angina between black and white women. The HR was twice as high in black women as in white women (3.30 vs 1.55). The increased risk of clinical CVD associated with subclinical CVD persisted over the entire 10 years of follow-up, with no evidence of attenuation over time ( Figure) .
A total of 3023 individuals were evaluated both at baseline and again in 1992-1993, excluding participants who had clinical disease at the 1989-1990 examination and those recruited in 1992-1993. Of the 495 participants who were not evaluated in 1992-1993, 127 (26%) were deceased, 175 (35.4%) had a home visit or telephone interview, 57 (11.5%) had a clinic visit but were missing 1 or more components of subclinical disease, and 134 (27.1%) had no clinic visit that year. Among the participants with no subclinical disease at the baseline examination, 405 (33.7%) had subclinical CVD at the follow-up examination approximately 3 years later, and 124 (10.3%) had clinical CVD. Of those who had subclinical disease, 264 (14.5%) had reverted to having no disease, 1242 (68.2%) still had subclinical disease, and 316 (17.3%) had developed clinical CVD. Of the 264 who apparently reverted to having no subclinical disease, for 176 (66.7%) this was owing to a change in the maximum percentage of improved stenosis, which was graded as 25% to 49% at baseline and as 1% to 24% at follow-up. The sex-specific incidence rates of CHD, MI, angina, death due to CHD, stroke, and total mortality are shown in Table 2 according to subclinical disease status at baseline and follow-up, among original cohort participants with no clinical CVD as of the 1992-1993 visit. The incidence of CVD and total mortality was highest for participants who had subclinical disease at both time periods, lowest for those with no subclinical disease at both times, and intermediate for those with subclinical disease at only 1 time point. The CHD rates, as shown in Table 2 , vary from 12.7 per 1000 person-years for women and 16.4 per 1000 person-years for men with no subclinical disease at both time periods to 28.5 per 1000 person-years for women and 45.6 per 1000 person-years for men who had subclinical disease at both time periods.
We repeated the analysis excluding participants with carotid stenosis of 25% to 50% as the only criteria for subclinical disease. None of the rates were significantly different than those shown in Table 2 .
Distribution of risk factors for men and women at baseline by presence or absence of subclinical disease at both time periods and whether there was an incident CHD event after 1992-1993 (ie, the second evaluation for subclinical disease) are shown in Table 3 and Table 4 . Men who had incident CHD and subclinical disease at both times (the highest risk group) had a much higher prevalence of diabetes mellitus and impaired fasting glucose; hypertension; lower high-density lipoprotein levels; and higher levels of triglycerides, fibrinogen, and CRP (Table 3) .
Women who had subclinical disease at both times and had incident CHD were older and had higher systolic BP than those who had no subclinical disease and no incident CHD (Table 4) .
Subclinical disease remained a significant predictor in the multivariable Cox proportional hazards models of the risk of CHD, as shown in Table 5 , modeled separately for men and women. Age, presence of diabetes mellitus, measurements of inflammation, renal insufficiency, CRP or white blood cell count, and subclinical disease were the primary determinants of the risk of CHD. There was only a weak and inconsistent relationship between subclinical disease and level of lipids. For women, the HR of subclinical disease for CHD was only slightly reduced by the inclusion of these risk factors, from 1.61 (CI,1.30-2.01) ( nine level of 1.3 mg/dL (99.1 µmol/L) or higher for women, was a strong risk factor for CHD ( Table 5 ). The prevalence of a creatinine level of 1.3 mg/dL (99.1 µmol/L) or higher for women is very low, however: 5.8% for those with subclinical disease and incident CHD ( We evaluated further the relationship between hypertension or diabetes mellitus at baseline and subclinical disease on the risk of CHD in men and women. Only 22% of women had neither hypertension nor subclinical disease; 19%, hypertension only; 22%, subclinical disease only; and 37%, both hypertension and subclinical disease. Nineteen percent of men had neither hypertension nor subclinical disease; 13%, hypertension only; 27%, subclinical disease only; and 41%, both hypertension and subclinical disease. The risk of CHD ( Table 6 ) was substantially higher for men and women with both subclinical disease and hypertension. The rates were lowest for those who had neither hypertension nor subclinical disease, especially for women. Note also that 55% of all of the CHD events occurred among women with both subclinical disease and hypertension, and 51% occurred among the men with both subclinical disease and hypertension.
Very few individuals with diabetes mellitus did not have subclinical disease: only 75 (26%) of 287 women and 52 (21%) of 242 men. 4 Participants with diabetes mellitus and subclinical disease had very high incidence of CHD, whereas participants with diabetes mellitus without subclinical disease had a moderate to no increased risk of CHD (Table 6 ). Much of the increased risk of CHD among participants with diabetes mellitus and those with hypertension was due to both their higher prevalence of subclinical disease, as previously reported, 15 and their substantially increased risk of CHD given the presence of subclinical disease by either hypertension or diabetes mellitus.
COMMENT
The results of this study have important implications for both further research and application of CVD prevention programs among elderly individuals. First, the results of this study expand our previous findings to 10 or more years of follow-up. Subclinical disease is a strong independent predictor in black individuals as well as in white individuals. 16, 17 The CHD rates are similar for black and white individuals but are substantially higher for men than for women. Subclinical disease remained a strong independent risk factor for CHD and total mortality even when including risk factors in multivariable models. Similarly, the addition of the inflammatory markers such as CRP had little effect on the independent prediction of subclinical disease, especially for women. 18 The measurements of subclinical disease are an imprecise estimate of the true extent of vascular disease. 19, 20 The classification of subclinical disease within an individual was fairly consistent over 3 years. A small number of individuals reverted from having subclinical disease to having no subclinical disease. There is variability in all of the measurements of subclinical disease, and the criteria for existence of an abnormality (ie, cutoff points) are arbitrary. The risk of CHD increases with the number of positive measurements within the subclinical disease categories. The use of a composite index of subclinical disease increases the likelihood of identifying a higher percentage of individuals at higher risk for clinical disease. This may be increasingly important as effective therapies are recommended for higher-risk individuals.
The risk factors, including high levels of lipoproteins, BP, history of smoking, and presence of diabetes mellitus are determinants of subclinical disease. The length of time of exposure to these risk factors, their severity, and the host susceptibility (ie, genetic factors) determine the extent of subclinical disease.
We have previously reported in the CHS that levels of low-density lipoprotein cholesterol among CHS participants were not a strong predictor of the risk of clinical coronary artery disease among participants with or without subclinical disease. 21 High-density lipoprotein cholesterol was not a significant risk factor in adjusted models that included subclinical disease. Only 3.2% of women and 5.1% of men were using lipid-lowering drug therapy at baseline. Subsequent treatment with lipid-lowering drug therapy could have an impact on lipid level and risk of CHD. Both diabetes mellitus and hypertension have been associated with increased risk of CHD within the CHS. 15 History of smoking was a determinant of total mortality but weakly related to CVD in the CHS. 22 Cushman et al 18 evaluated the joint relationship between CRP, subclinical disease, and incidence rates of CHD in the CHS. For both men and women, the risk of CHD was substantially higher for those with subclinical disease compared with those with no subclinical disease at every level of CRP. The relationship of CRP level with subclinical disease is similar to that for BP and diabetes mellitus in that the combination of high CRP level and subclinical disease is associated with a substantially increased risk and that subclinical disease in the absence of an elevated CRP level is still associated with substantially increased risk for CVD. In D'Agostino et al 23 it was reported that the Framingham Risk Score was not a good predictor of CHD within this older population. The prevalence of subclinical disease increased with the Framingham Risk Score (ie, subclinical disease). The Framingham Risk Score, independent of subclinical disease, was a predictor of the risk of CHD. However, only 18% of deaths due to CHD among women occurred in the high-risk category of the Framingham score (Ͼ20% risk) and 46% in the lowest risk groups. The lowest-risk stratum in women was still a relatively high-risk category: about a 14% risk in the 65-to 74-year-old age group over a 10-year period and a higher than 20% risk in the 75-to 84-year-old age group. Results for men were similar: 35% of deaths due to CHD were in the highest-risk group. There were much fewer men in the low-risk stratum. 11 Most older men are at very high risk for CVD, and measurement of subclinical disease should probably be used only to identify a smaller group of men who have no subclinical disease and are at lower risk.
The situation for women is quite different. At least 30% to 40% of women are at lower risk for CHD because they do not have subclinical disease. In the CHS, 74% of the women with diabetes mellitus had subclinical disease. Some of the older women without diabetes mellitus can be identified because they will have very high levels of key risk factors, especially hypertension, low high-density lipoprotein cholesterol, and large numbers of low-density lipoprotein particles. 24 The lower prevalence of subclinical disease and risk for women compared with men in this older age group may account for the apparent lack of benefit to women of lipid-lowering drugs in several of the recent clinical trials with older individuals, 12, 14 especially in the absence of subclinical or clinical disease or diabetes mellitus. 13, 25 The primary limitation of this study is the absence of measurements of coronary calcium and some of the other newer measurements of subclinical disease, the relatively small sample size of black participants, and the absence of exercise tests to measure fitness.
In conclusion, this study has extended the results of the CHS to 10 years of follow-up and has clearly documented the high prevalence and risk associated with subclinical disease for older individuals. We have further showed relatively good consistency of measurements of subclinical disease over time and that the risk for CVD for both men and women with no subclinical disease at 2 time points 3 years apart is lower than for those with subclinical disease at either time point. The subclinical measurements are more widely available now than in [1989] [1990] . Very effective therapies to prevent clinical CHD are also now available. These results from the CHS suggest that better use of subclinical measurements and effective therapies could substantially reduce the incidence of and mortality due to CVD in the elderly population. 
